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ABSTRACT 
An attempt has been made to study and to investi- 
gate the surface characterization and stability of soft 
copolymer latexes.  Two series of 80:20 Vinyl Acetate- 
Butyl Acrylate soft copolymers have been prepared by 
emulsion polymerization in the absence and presence of 
surfactants using persulfate as initiator.  The effect 
of the initiator and the effect of nonionic-anionic mixed 
surfactants on the particle size, surface characteriza- 
tion and the stability of latex dispersions have been 
investigated. 
The experimental investigation of particle size, 
surface characterization and stability of latex disper- 
sions were carried out by using transmission electron- 
microscopy, conductometric titration or electrophoretic 
measurement, and coagulation rate spectrophotometer 
(Cary 14) measurement, respectively. 
Surface characterization revealed that all latex 
particles have sulfate, carboxyl (or hydroxyl) end 
groups on the surfaces.  The effect of initiator and 
mixed surfactants on the particle size and surface 
charge density are significant.  Moreover, the effect 
of mixed surfactants also influences the critical 
coagulation concentration, Hamaker constant and Stern 
layer potential.  The distances between the plane of 
1 
shear from Stern layer and the Stern layer potential 
of latex particles were calculated using the equation 
derived from Gouy-Chapman theory by using zeta po- 
tential results. 
The phenomenon of autocatalytic hydrolysis of the 
Vinyl Acetate - Butyl Acrylate copolymers is proposed 
to account for the degree of hydrolysis and the de- 
gree of branching groups on the latex particles.  These 
hydrolysis groups (presence of hydroxyl groups) or 
hydrolyzed branching groups are suggested to have a 
large contribution to the steric stabilization. 
The total interaction energy of the electrostatic 
stabilization curves and the total interaction energy 
of the combinations of the electrostatic and steric 
stabilization curves have been investigated. 
GENERAL INTRODUCTION 
When a synthetic latex has been produced by emul- 
sion polymerization using initiator and surface active 
agents, it is generally assumed that most of the surfac- 
tant will be adsorbed (physically or chemically) at the 
surface of the polymer particles which is essential 
for the stability of the dispersion.  The aqueous phase 
of the latex may contain surfactants and electrolytes 
due to the residual initiator and its decomposition 
products and buffer.  Surface characterization of a 
latex system is carried out in two steps.  First the 
latex system is "cleaned" from electrolytes and phy- 
sically adsorbed surfactants, then the chemically bound 
end groups are determined by conductometric titration. 
"Cleaning" of the latex is conducted by several methods, 
(1) dialysis technique, (2) ion-exchange technique, 
(3) serum replacement technique.  These methods have 
many other applications, such as the preparation of 
well-defined model colloids or clean surfaces for ad- 
sorption studies. 
When a lyophobic colloid, such as a dispersion 
of small organic (or inorganic) particles in water, 
remains well dispersed and virtually unchanged for a 
reasonable period of time, the system is called col- 
loidally stable.  Such systems are usually very sensi- 
tive to the addition of electrolytes which leads to 
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agglomeration and then sedimentation of the particles 
in a comparatively short time.  This is called floccu- 
lation or coagulation.  Even in the absence of electro- 
lyte, a lyophobic colloid will flocculate if given 
enough time; hence, colloidal stability is a relative 
concept to be expressed in terms of flocculation rates. 
Colloidal stability has often been measured in terms of 
the critical coagulation concentration or c.c.c, which 
is the concentration of an electrolyte at which the 
system flocculates at a given, arbitrarily chosen rate. 
(1 8") This method developed by Reerink and Overbeek  '   is 
based on the concept of stability ratio W, i.e., the 
rate of coagulation which would result if every colli- 
sion would lead to particle association (rapid coagu- 
lation) divided by the actual rate of coagulation at 
a given electrolyte concentration (slow coagulation). 
The classical empirical Schulze-Hardy rule of coagula- 
tion says that the coagulating power of an electrolyte 
is dominated by the valence of the ion which has a 
charge opposite to that of the particle.  Less salt is 
needed to coagulate a lyophobic system when the valence 
of that ion is higher.  Also, the charge of the particle 
is a basic factor in coagulation.  The second way by 
which an energy barrier to flocculation may be generated 
is that of steric repulsion.  Steric stabilization is 
both less common and less well understood than electro- 
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static stabilization.  It is usually observed when solu- 
ble lyophilic groups are attached by adsorption to the 
surfaces of dispersed particles and extend an appreci- 
able distance, for example, 20 A, into the continuous 
phase.  The simplest way to consider the behavior of 
polymers that provide steric stabilization is to regard 
them as occupying two separate spaces. One, a thermo- 
dynamic space, that  arises because the centers of mass 
of the segmental elements are unable to locate them- 
selves spontaneously in a thermodynamic excluded volume 
that may be positive, zero or negative, depending upon 
the solvent (mixing contribution to steric stabiliza- 
tion) . The other, a real space in which the centers of 
mass of the segments can distribute themselves in a 
finite number of ways over the real available volume, 
which is always positive.  Recently, Napper  *    using 
the Flory's theory developed an elastic term for the 
latter space (elastic contribution to steric stabiliza- 
tion) .  However, the elastic contribution to steric sta- 
bilization is likely to be negligibly small unless the 
minimum distance of particle separation is less than the 
contour length of the stabilizing chains.  Thus the 
elastic term is only important in the interpenetration 
plus compression domain. 
In the present work, a considerable amount of ex- 
perimental work on the stability of colloidal disper- 
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sions has been carried out on latex systems.  Most 
of the colloidal stability work has been cen- 
tered on the study of polystyrene latexes.  Although 
VinylAcetate-ButylAcrylate soft copolymers are widely 
used in the latex paint technology, very little atten- 
tion has been paid to the stability and the surface 
characterization studies.  The present work is carried 
out in order to study and to investigate this problem. 
For this purpose, VinylAcetate-ButylAcrylate copolymers 
were prepared in the following manner: 
(I) A series of 80:20 VinylAcetate-ButylAcrylate co- 
polymers were prepared by emulsion polymerization 
in the absence of any surfactants, using various 
amounts of potassium persulfate as an initiator. 
The effect of initiator on particle size, surface 
characterization and the stability of these latexes 
has been investigated. 
(II) A series of 80:20 VinylAcetate-ButylAcrylate co- 
polymers were prepared by emulsion polymerization 
using a mixture of anionic and nonionic surfac- 
tants.  The effect of this mixed surfactant on the 
particle size, surface characterization and the 
stability of latex dispersion has been investi- 
gated. 
The surface characterization of latex particles 
was studied by using conductometric titration method. 
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The electrophoretic behavior and the stability of these 
latexes have been studied using KCl and BaCl^ as a co- 
agulating agent in the experimental microelectrophoretic 
measurement and Cary 14 spectrophotometer measurement, 
respectively.  The electrostatic repulsion curves and 
the combinations of the total interaction energy curves 
of electrostatic and steric stabilization have been 
discussed. 
PART I 
Studies on the Characterization and Stability of Vinyl- 
Acetate-Butyl-Acrylate Soft Latexes Formed in the Ab- 
sence of Surface Active Agents 
ABSTRACT 
A series of 80:20 VinylAcetate-ButylAcrylate soft 
latexes have been prepared by emulsion polymerization 
in the absence of any surfactants, using various amounts 
of potassium persulfate as an initiator.  The surface 
characterization and the stability of the latexes have 
been investigated. 
The particle size decrtdsed almost linearly with 
increasing the initiator concentration.  The conversion 
of the polymerization increased as the initiator concen- 
tration increased.  Conductometrie titration experiments 
revealed the presence of sulfate, carboxyl groups on 
the particle surfaces, the total surface charge density 
decreased almost linearly with increasing the initiator 
concentration. 
The electrophoretic mobilities of the latexes 
against KC1 and BaCl2 according to the microelectro- 
phoretic technique and the zeta potentials were ob- 
tained at various electrolyte concentrations.  The 
zeta potential results were substituted into the 
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equation derived from the Gouy-Chapman theory, in order 
to calculate the distance between the plane of shear 
from the Stern layer and the Stern layer potential. 
The distances between z,   plane and \p, layer were found 
almost constant for all latexes. 
The critical coagulation concentration, the Ha- 
maker constant and the Stern layer potential of the 
latex dispersions were determined with the various 
salt concentrations (KC1 and BaClo) by measuring the 
coagulation rates. <K Values were found smaller than 
the values calculated from the Gouy-Chapman derivation 
equation.  The C.C.C. values of the latexes were found 
high and independent on the initiator concentration, 
and also did not follow the inverse sixth power 
Schulze-Hardy rule as formulated quantitatively in the 
DLVO theory.  These results suggested that the colloidal 
particles were stabilized not only by electrostatic 
repulsion but also stabilized by steric repulsion. 
1.  INTRODUCTION 
The preparation of monodisperse polymer latexes 
by emulsion polymerization using a surfactant as emul- 
sifier is now a well-known procedure.  However, for many 
purposes there are certain shortcomings of the tech- 
nique.  For example, the latexes are often partly 
stabilized by adsorbed surfactant, removal of which can 
lead to coagulation or flocculation (1.1, 1.2).  Remo- 
val of the surfactant used in the preparation is not 
always easily accomplished and it is often difficult to 
establish precisely that the surfactant has been com- 
pletely removed. 
The present work is carried out in order to study 
the stability and surface characterization of polymer 
latexes which were prepared by the method without sur- 
factant.  A series of 80:20 VinylAcetate-ButylAcrylate 
soft latexes prepared by this emulsifier-free tech- 
nique were stabilized by chemically bound surface groups, 
i.e., sulfate or carboxyl.  However, these have suffi- 
ciently high surface charge densities to provide sta- 
bility against irreversible flocculation. 
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2.     EXPERIMENTAL 
2.1 Materials 
VinylAcetate and ButylAcrylate monomers used were 
purified by vacuum distillation and all chemicals 
employed (I^SoOg, NaHSOo, H0O2 and other inorganic 
salts) were of an analytical grade and were used with- 
out further purification.  The water used was deionized 
after being doubly-distilled.  DOWEX 50W-X4 sulfonic 
acid and DOWEX 1-X4 quarternary ammonium ion-exchange 
resins were vigorously purified by the method of 
Vanderhoff.^-1-1-3'1-*-1-5' 
2.2 Preparation of 80:20 VinylAcetate-ButylAcrylate 
Latex Dispersions 
The latex dispersions were prepared in the ab- 
sence of emulsifier by using various amount of KjSoOg 
as an initiator. The main recipe and polymerization 
condition are shown in Table 1-1. 
The VinylAcetate and ButylAcrylate monomers, and 
180g of deionized water were charged into 12-ounce glass 
bottles with metal caps containing self-sealing butyl- 
rubber gaskets.  The bottles were flushed with nitro- 
gen by inserting two hypodermic needles through the 
gaskets, one connected to the nitrogen supply, and the 
other providing an outlet.  The bottles were tum- 
bled at 70°C for 2 hours prior to initiation.  Potassium 
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TABLE  1-1 
Polymerization Recipe of 80:20Vinyl Acetate-Butyl- 
Acrylate copolymer 
Monomer « VAC - 80 g 
BA  - 20 g 
Initiator = K2S20g (KpS) 
1. VBA-1 « 0.1% (wt on monomer) - 0.1 g 
2. VBA-3 - 0.3% (wt on monomer) - 0.3 g 
3. VBA-5 = 0.5% (wt on monomer) - 0.5 g 
4. VBA-7 = 0.77. (wt on monomer) - 0.7 g 
*5. VBA-9 = 0.9% (wt on monomer) = 0.9 g 
Catalyst ■= NaHSO., (0.0857. wt on monomer) - 0.085 g 
D.I.H20 - 200 g 
Temperature = 70°C 
Time = 24 hrs (bottle polymerization) 
*0.9 gm KpS + 0.2 gm H202 as initiator 
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persulfate and sodium bisulphite dissolved in 20 g of 
deionized water were then injected through the gaskets. 
The capped bottles with their contents were then ro- 
tated end-over-end at  30 r.p.m. in a thermostated 
water bath for 24 hours at 70°C. 
The latex dispersions were then cooled at room 
temperature and filtered through glass wool to exclude 
coagulum. 
As the polymerization reaction did not proceed 
adequately for latex:  VBA - 9, 0.2 gm of H202 was 
added to complete the polymerization reaction. 
The residual monomer was removed by steam stripping 
method. 
2.3 Particle Size Determination 
A few drops of latexes (after steam-stripping) 
were diluted with deionized water in the test tube and 
then stained by saturated UranylAcetate solution  " ' 
' ^ (Volume ratio of latex and UranylAcetate solution 
was 1:3 respectively).  Two drops of this stained dis- 
persion were dropped on the electronmicroscope grids 
and the electronmicrographs were taken by using the 
low-temperature holder on the transmission electron 
microscope. 
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2.4  Purification of Latex Dispersions by Ion-Exchange 
Resins (Determination of Surface Groupings) 
To remove excess initiator and miscellaneous 
ionic impurities, the latex dispersions were cleaned 
by ion-exchange with the mixed DOWEX 50W (H  form) and 
DOWEX 1 (0H~ form) resins which had been vigorously 
purified according to procedure described by Vanderhoff 
(1.1,1.3.1.4) andHu(L5).  Latex dispersions (about 
25 g of polymer was diluted to 500 ml) was agitated 
slowly with a 5 fold excess of mixed ion exchange 
resins (estimated from the amount of initiator and 
emulsifier content). 
The mixture was then filtered through glass wool 
to remove the resin beads.  20 ml or 30 ml of the 
cleaned latex (after ion-exchange) in 200 ml disper- 
sions was then titrated (conductometric titration) 
with the standard solution of 0.01990 N NaOH.  The ion 
exchange and titration cycle were repeated until a 
constant surface charge was obtained.    ''•' 
The number and type of acid groups, i.e. sulfate 
and carboxyl groups, on the surface of the latex par- 
ticles were determined by this conductometric titration 
with NaOH (base).  The end points of both strong and 
weak acid groups were clearly distinguished by this 
method. 
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2.5 Electrophoresis 
The electrophoretic mobilities of the latexes 
were measured by a micro-electrophoretic method.  The 
mobility measurements were carried out at room tempera- 
ture ( 20°C).  The mobilities of the particles were 
measured in KC1 and BaC^ aqueous solution at various 
salt concentration.  The mobilities values were then 
converted into zeta potentials.  (Appendix I-C) 
2.6 Determination of Latex Stability 
In this work, an experimental method was made to 
show that colloidal stability can be studied using an 
infrared light-scattering technique.  The course of 
the early stages of coagulation of the latexes was 
followed turbidimetrically.  The change in turbidity 
(in this optical method was optical density) with time 
was recorded continuously commencing 2-3 sec. after 
the addition of the electrolyte solution.  The initial 
slopes of these curves were directly proportional to 
the rate of coagulation; in other words, the rate con- 
stant, K, for coagulation process was determined from 
the tangent of the optical density vs. time curve at 
early stages.  For every latex, the value of K increased 
with increasing electrolyte concentration and reached 
a maximum at a specific concentration (critical coagu- 
lation concentration).  Beyond this electrolyte con- 
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centration, the value of K becomes independent of 
electrolyte concentration, this maximum value of K is 
defined as K , which corresponds to rapid coagulation. 
Thus, the experimental stability ratio, W, is obtained 
from(1'5): 
mggl C-0, c.c.c. 
^t-0. c 
or w = !T (I-1) 
The process of coagulation was observed turbidi- 
metrically with Cary 14 spectrophotometers equipped 
with automatic recorder (set the wavelength A - 1370 nm) 
The apparatus employed two cells, a sample and a re- 
ference, in the experiments, both cells were filled 
with latex (0.04 W7.) (4 ml in the reference and 3 ml in 
the sample) and inserted into the cell compartment. 
Electrolyte solution was then injected using a 1 ml 
calibrated eyedropper.  Coagulation was detected about 
2-3 sec. after injection.  Curves indicating the change 
in optical density (change in turbidity) with time were 
automatically recorded; thus the experimental stability 
ratio, W, could be calculated from the rapid coagula- 
tion rate constant and slow coagulation rate constant. 
(Eq. 1-1) 
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2.7  Calculation of the Stern Potential, j>   ,   and the 
Hamaker Constant, A. 
Reerink and Overbeekv   ' derived two approximate 
relations from the DLVO theory.  The first one gives 
the relation between W and the concentration C by the 
e J 
following equation: 
log W - - Kx log Ce + K2 (1-2) 
where K-, and K2 are constants. 
The second one gives the dependence of the slope of 
the stability curve on the particle radius, surface 
potential of the particle, and the valency of the added 
electrolyte which is expressed by 
v     -  d log W Kl   - d log Ce 
or . d log W = 2 15 x 1Q7 aj^ d
 
log Ce y2 
(for <a >> 1, —, Debye-Htlckel 
double layer thickness). 
where a ■ particle radius, V » electrolyte valence and 
£Z/2-l 
Y - —ZT)— (1-4) 
£Z/Z+1 
V£^ 
where        z « <, m- (1-5) 
£ = electronic charge, ^  - Stern potential, 
k - Boltzman constant and T - absolute temperature. 
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The Stern potential, \p, , can be obtained directly 
from Eq. (1-3), (1-4), and (1-5), if the slope of the 
stability curve is known (the slope of log W vs. log C 
curve). 
Another formula relates the critical coagulation 
concentration to the colloidal surface potential, the 
electrolyte valence, and the Hamaker constant. A, is 
(1.9). 
c . c . c 8xlO"
22
Y
4 
2 „6 (in mmoles/fc)  (1-6) A"-V 
Eq. (1-3) and (1-6) can be combined to calculate 
the Hamaker constant (valid when <a >> 1). 
% 
A = 
i -7-a -in-36/ d log W N 2 1
-
73xl
°   
(
-d log C > 
a V  (c.c.c.) 
(1-7) 
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3.  RESULTS AND DISCUSSION 
3.1 Conversions of Latex Dispersions 
As shown in Table 1-2, the conversion was found to 
increase slightly with increasing of potassium per- 
sulfate concentration. 
3.2 Modal Diameters of Latex Particles 
A typical example of the electronmicrographs ob- 
tained with the latex dispersions is given in Figure 
1-1. 
The modal particles diameter obtained from electron 
micrographs are listed in Table 1-2.  These results show 
that the particle diameter decreased almost linearly as 
the concentration of the initiator was decreased (Fi- 
gure 1-2).  The particle size of latexes from VBA-1 to 
VBA-7 decreased, but after adding 0.2 gm H202 as ini- 
tiator, the particle size increased.  The reason for 
increasing particle size when adding H2O2 is not very 
clear, but it may be explained by the mechanism of 
particles formation, i.e., in the initial stages of 
the reaction the solubility of the monomer increases 
greatly during the combination of thermal decomposition 
of H2O2 and K2S2O0. (The proposed mechanism would be 
explained later in this section.) 
The polydispersity of latex dispersions is shown 
in Table 1-3.  Most of the latexes are monodisperse, 
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TABLE 1-2 
Dependence of Particle Diameter and Conversion on KpS 
Concentrations. 
VinylAcetate Concentration: 3.01 moles/£ 
ButylAcrylate Concentration: 0.51 moles/ i. 
Reaction Temperature: 70 C 
Latex KpS cone 
Designa- moles/H 
tion 
Conversion 
7. 
Particle 
Diameter 
(nm) 
92.50 328.2 
96.85 305.0 
97.11 276.8 
98.56 228.6 
-100 306.2 
VBA-1 
VBA-3 
VBA-5 
VBA-7 
VBA-9* 
1.20x10 
3.60x10 
6.00x10 
8.39x10 
1.08x10 
-3 
-3 
-3 
-3 
-2 
*0.9 gm KpS + 0.2 gm ^2°2  as initiator 
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Figure 1-1 A typical electron micrograph of latex 
particles (VBA-7). 
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Figure 1-2.  Log diameter of particle formed against 
the log of initiator concentration of 
KpS at 70°C. 
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TABLE   1-3 
Polydispersity  of Latex Dispersions 
Latex 
Designation DN(X) °W<8> PD 
VBA-1 3282 3500 1.066 
VBA-3 3050 3297 1.081 
VBA-5 2768 3902 1.410 
VBA-7 2286 3330 1.457 
VBA-9 3062 3183 1.039 
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except VBA-5 and VBA-7.  The mechanism of emulsion 
polymerization in the absence of surfactant micelles 
is not fully developed, especially in this hydrophilic 
comonomer.  In the present work a mechanism is based 
on the explanation of Wilkinson and Cox.  " '     They 
suggested that there are two possibilities which can be 
envisaged, if the initial stages are the formation of 
oligomer free radicals, i.e., free radicals are ini- 
tiated, as for example by persulfate: 
S2°82" ">2S04"* (I_8) 
and these react with monomer in the aqueous phase 
S04~- + M - S04"M- (1-9) 
S04~M- + M -   S04"MM- (1-10) 
SOA"MM- + M + SOA"MMM- (1-11) 
etc. 
(a)  First possibility, in the initial stages of the 
reaction the solubility of the monomer increases great- 
ly during the first stage (Eq. 1-9), but then decreases 
as the chain length grows.  If chain propagation con- 
tinues without association then the oligomeric free 
radical eventually becomes insoluble.  Polymerization 
24 
could still continue with the polymer chain increasing, 
eventually forming a particle.  These small particles 
will probably aggregate into groups since they are 
colloidally unstable.  The group of particles will fuse 
together to form a single sphere which will then grow 
as long as free radicals and monomer are available.  In 
this process the polydisperse system would occur where 
the monomer was added over a long period of time, 
(b)  Another possibility is that these free radical 
species, possessing surface-active properties, might 
at some stage of oligomer growth rapidly rearrange to 
form micelles.  If during the early stages the initia- 
tion step is much more rapid than the propagation step 
then a critical micelle concentration for these surface 
active oligomeric free radicals may be reached.  Mono- 
mer and further oligomeric free radicals will be pre- 
ferentially solubilized in these micelles, and a similar 
process of polymerization to the Harkins theory could 
proceed.  In this process the monodispersity is pre- 
ponderant in many reactions. 
3.3  Surface Charge Density of the Latex Particles 
The changes of specific conductance with purifica- 
tion by ion exchange resins and its pH values after 
ion exchange of these latex dispersions are shown in 
Table 1-4. 
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TABLE   1-4 
Conductivity  of   Latex   Dispersions 
Specific Conductance onm cm 
Latex 
Designation Before I.E 
After 
I.E 
PH 
After I.E 
VBA-1 
VBA-3 
VBA-5 
VBA-7 
VBA-9 
3.92xl0~4 
5.91xl0~4 
8.23xl0~4 
9.31xl0"4 
9.13xl0~4 
1.47xl0"6 
1.58xl0"6 
1.07xl0~6 
1.07xl0"6 
8.95xl0"7 
3.6 
3.5 
3.6 
3.7 
3.5 
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Particles diameter, number of surface groups and 
the total surface charge density of these latexes are 
shown in Table 1-5. 
From these results, the surface of all latex 
particles contained both sulfate and carboxyl groupings. 
The conductometrie titration curves for the latex 
dispersions are shown in Appendix I-A and a typical 
calculation for the determination of surface end groups 
concentration is shown in Appendix I-B. 
The number of sulfate groups and the number of 
carboxyl groups on the surface were decreased as the 
initiator concentration increased (but increased after 
adding 0.2 gm Ho^2 as i-nitiator *-n tne case of VBA-9) . 
The total surface charge density decreased linearly 
with increasing the concentration of initiator as 
shown in Figure 1-3. 
On the other hand, the chemically-bound strong 
acid groups and weak acid groups can exhibit electro- 
static repulsion contribution to the stabilization.  The 
hydroxyl groups formed by the side reactions of sulfate 
ion-radical with water or formed by the hydrolysis of 
Vinyl Acetate units are suggested to have a significant 
contribution to the stabilization, but these OH groups 
cannot be detected by conductometric titration methods. 
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Figure 1-3 Dependence of surface charge density 
of latex particles on K.p.S. concen- 
tration. 
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3.A  Zeta Potential of Latex Dispersions in the Presence 
of Simple Inorganic Electrolyte 
The mobility results obtained from the micro- 
electrophoretic measurement were converted into zeta po- 
tential.  The zeta potentials against various concentra- 
tions of KC1 and BaCl2 are given in Table 1-6 and Table 
1-7, respectively.  These results showed that for all 
latexes zeta potential increased with decreasing salt 
concentration.  (A typical calculation for the conversion 
of mobility into zeta potential is shown in Appendix 
I-C). 
From the Gouy-Chapman theory, Eversole and Board- 
man^ ~  ' derived an equation which can be used to es- 
timate the distance, D, of the plane of shear (c-plane) 
from the Stern layer and the Stern layer potential, ^,: 
lnftanh (^)J = lnftanh (5^)] - KD        (1-12)* 
This equation can be represented by a straight line, the 
distance D, and ^. can be obtained from the slope and 6 
intercept of the line, respectively. 
After substituting the zeta potentials and <   values 
(from electrolyte concentration) into Eq. (1-12), the 
distance D and \i>&   can be calculated.   Using least square 
*A supplementary derivation of this equation is shown 
in Appendix I-D. 
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TABLE 1-7 
Zeta Potentials of the Latexes Against BaCl 
C (zeta potential), mv 
Latex 
Designa- 
tion 
2-1 electrolyte, BaCl 2 
0.01 M 0.005 M 0.001 M 0.0001 M 
VBA-1 2.96 3.70 6.56 9.31 
VBA-3 3.07 4.02 7.40 12.90 
VBA-5 2.75 3.81 6.98 10.68 
VBA-7 3.17 4.44 8.25 11.21 
VBA-9 2.96 3.09 5.82 8.88 
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curve fitting method to determine the straight line 
equation, the slope and intercept can directly be ob- 
tained from this equation.  The distance of the plane 
of shear and \l>t   for latex particles are shown in Table 6 
1-8.  The plots of Eq. (1-12) using the zeta potential 
results of the latexes in the presence of KCl and BaC^ 
are shown in Appendix I-E. 
The actual position of the slipping plane is also 
open to some question.  It used to be argued^ ~  ' that 
the   potential was measured well out in the diffuse 
part of the double-layer, but more recent work suggests 
^    ' ~  ' that the shear plane is not far removed from 
the outer Helmholtz plane (i^. layer) .  It is clear that 
from Table 1-8 the distance between t-plane and ty 
layer was found almost constant for all latex particles. 
These results correspond with the work of Force and 
Matijecvic^    ' . 
3 . 5  Stability of Latex Dispersions 
The stability curves obtained from the slope of 
optical density vs. time curves (the change in turbidity, 
recording curves from equipment) for this latex disper- 
sion.  KCl and BaC^ as the coagulating agent is given 
in Fig. 1-4 to Figure 1-8, in the form of log W 
exp 
against log C  curves. 
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TABLE 1-8 
The Distance of the Plane of Shear from Stern Layer 
and tyr   Values 
Latex 
Desig- 
nation 
1-1 electrolyte 
KC1 
2-1 electrolyte 
BaCl2 
D <X) -ty6   (mv) D (X) -\l>6   (mv) 
VBA-1 
VBA-3 
VBA-5 
VBA-7 
VBA-9 
15 
17 
18 
18 
15 
20 
20 
18 
17 
20 
19 
23 
22 
21 
19 
11 
14 
12 
13 
10 
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The values of the slopes of the stability curves 
and the c.c.c. of latexes are given in Table 1-9.  The 
c.c.c. values were determined by extrapolating the W J r
 °     exp 
values down to log W   = 0 and reading up log C  at &  exp e>  r  &  e 
the point of intersection. 
The Stern layer potential, i>. , and Hamaker con- 
stant, A, were calculated from Eq. (1-3) and Eq. (1-7) 
respectively.  These results are given in Table 1-9. 
Clearly, the Hamaker constant values were independent 
of the concentration of initiator.  The \p.  values were 
found smaller than the values calculated from the Gouy- 
Chapman derivation equation (Eq. 1-12).  This observa- 
tion cannot be adequately explained at present.  More- 
over, agreement is not always easily accomplished when 
using different equipment and different techniques 
trying to obtain the same experimental values. 
The critical coagulation concentration values of 
latex dispersion were found high and independent of the 
amount of initiator, also did not follow the inverse 
sixth power Schulze-Hardy rule as formulated quantita- 
tively in the DLVO theory. 
These results suggested that the particles are 
stabilized not only by electrostatic repulsion but also 
stabilized by steric repulsion.  This steric stabiliza- 
tion phenomenon may be contributed to by (1) the hydro- 
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Electrolyte  Concn.   ,   M 
Figure 1-6.  Stability curves for latex VBA-5 
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Electrolyte  Concn.   ,   M 
Figure 1-7.  Stability curve for latex VBA-7 
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lysis of both Vinyl Acetate and Butyl Acrylate units 
(complicated mechanism); (2) the hydrolyzed branching 
groups of Vinyl Acetate units.  The hydrolyzed product 
would be chemically bound or physically adsorbed on 
the surface of particles.  (The proposed outline of the 
mechanism of hydrolysis, branching and the particle 
morphology are shown in Part II, Sec. 3.5.) 
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4.  SUMMARY AND CONCLUSION 
1. The use of persulfate ion as initiator in the eraul- 
sifier-free polymerization of Vinyl Acetate-Butyl- 
Acetate soft latexes gave both sulfate and carboxyl 
groups on the latex particles.  The total surface 
charge density of these surface end groups linearly 
decreased with increasing initiator concentration. 
The surface end groups can exhibit the electrostatic 
repulsion contribution to the stabilization. 
2. The particle size of latex particles decreased al- 
most linearly with increasing initiator concentration. 
3. The distances between the plane of shear from the 
Stern layer of the latex particles were found almost 
constant. 
4. Using two different equipment and techniques to 
determine Stern layer potential, ^. , the results were 
found not to correspond. 
5. The critical coagulation concentrations were found 
independent on the initiator concentration and did 
not follow the inverse sixth power Schulze-Hardy 
rule. 
6. Although the latexes were not stabilized by partly 
adsorbed surfactant, i.e. prepared by absence of 
any surfactant, according to the high values of 
c.c.c, it can be postulated that the latexes ex- 
hibit not only electrostatic repulsion but also 
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steric stabilization.  The hydrolysis of Vinyl- 
Acetate and Butyl Aerylate units, the hydrolyzed 
branching groups of Vinyl Acetate units are sus- 
pected to significantly have a large contribution 
to the steric repulsion. 
44 
PART II 
Studies on the Characterization and Stability of Vinyl 
Acetate-ButylAcrylate Soft Latexes Prepared by Using 
Mixtures of Anionic and Nonionic Surfactants. 
ABSTRACT 
A series of 80:20 VinylAcetate-ButylAcrylate soft 
latexes has  been prepared by using various combinations 
of nonionic and anionic surfactants.  The effect of the 
nonionic and anionic mixed surfactants in the process 
of emulsion polymerization on the particle size, surface 
characterization and the stability of latex dispersions 
has been investigated.  Mixtures of Aerosol OT (757.) 
and Aerosol MA (80%) as anionic surfactant, the Triton 
X-(100-+405) with increasing ethylene oxide units and HLB 
values as nonionic surfactant has been used. 
The particle size decreased with increasing the 
anionic surfactant concentration; in other words, in- 
crease of nonionic contents (HLB values or EO units also 
increased) results in an increased latex particle size. 
The conversion of the polymerization is almost unchanged 
as the anionic surfactant concentration increased.  Con- 
ductometric titration experiments revealed the presence 
of suifate, carboxyl groups on the surface of particles. 
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the total surface charge density decreased with de- 
creasing the particle size. 
The electrophoretic mobilities of the latexes 
against KC1 and BaClo according to the microelectro- 
phoretic technique and the zeta potentials were obtained 
with various electrolyte concentrations.  These zeta 
potential results after substituting into the equation 
derived from the Gouy-Chapman theory, the distances 
between the plane of shear from the Stern layer and the 
Stern layer potential were calculated. 
The critical coagulation concentration, Hamaker 
constant, and the Stern layer potential of the latex 
dispersions were determined with the various salt con- 
centrations (KC1 and BaC^) by measuring the coagula- 
tion rates (Cary 14 spectrophotometer).  Hamaker con- 
stant, A, and Stern Layer potential, ^, , were increased 
by decreasing the particle size.  The critical coagu- 
lation concentration values of latex dispersions were 
found to increase with the increase of the particle 
size.  This c.c.c. value did not follow the inverse 
sixth power Schultze-Hardy rule as formulated quanti- 
tatively in the DLVO theory.  These stability results 
suggested that the colloid particles were stabilized 
not only by electrostatic repulsion but also stabilized 
by steric repulsion.  The steric stabilization was at- 
tributed mainly to the presence of hydroxyl groups 
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formed of the Vinyl Acetate units and also of the hydro- 
lyzation of the branching groups of Vinyl Acetate units 
The total interaction energy curves of electro- 
static stabilization, and the total interaction energy 
curves of the combination of electrostatic and steric 
stabilization have been investigated. 
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1.  INTRODUCTION 
The selection of a surfactant for an emulsion 
polymerization system is a difficult process, especially 
for the preparation of a uniform particle size latex, 
which usually has been solved by trial and error, aided 
by experience and intelligent observations.  In an emul- 
sifier polymerization system, the emulsifier performs the 
following three functions: 
1. Produces a stable and well-dispersed emulsion of 
the monomer. 
2. Forms micelles and solubilizes the monomer, thus 
making it more accessible to the free radicals. 
3. Stabilizes the polymer particles to prevent precipi- 
tation coalescing and sedimentation. 
Most investigators today agree that the monomer is 
solubilized in a micellar system and that the polymeri- 
zation is initiated in the micelle.  The final polymer- 
monomer particles are stabilized as a dispersion by the 
adsorption of a monolayer of surfactant (hydrophobic 
monomer).  On the other hand, a hydrophilic monomer 
(e.g. Vinyl Acetate) is polymerized both in the water 
phase and in the micelles of surfactants.  In addition, 
the interaction between particles and surfactants is so 
poor that the amount of surfactant adsorbed onto the 
particle surface is not enough to stabilize the particles 
48 
and consequently the addition of protective colloid is 
required.  (It seems that the mechanism of this poly- 
merization becomes more complex.) 
The present work is principally concerned with the 
effect of mixed emulsifiers system containing nonionic 
and anionic on the particle size, surface characteri- 
zation and even on the stability of latex dispersions 
which is prepared by hydrophilic comonomers without 
adding any protective colloid. 
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2.  EXPERIMENTAL 
2.1 Materials 
Vinyl Acetate and Butyl Acrylate monomers used were 
purified by vacuum distillation and all chemicals em- 
ployed [(NH^)2S20g, NaHC03, K2S2Og, NaHSO , Aerosol 
OT (757o), Aerosol MA (807.), Triton X-(100-405) and other 
inorganic salts] were of an analytical grade and were 
used without further purification.  The water used was 
deionized after being doubly-distilled.  DOWEX 50W-X4 
sulfonic acid and DOWEX-1-X4 quarternary ammonium ion- 
exchange resins were vigorously purified by the method 
of Vanderhoff^-1'1-3'1-4'1-5) 
2.2 Preparation of 80:20 Vinyl Acetate-Butyl Acrylate 
Latex Dispersions 
The latex dispersions were prepared by using various 
combinations of anionic (mixed Aerosol OT and Aerosol 
MA) and nonionic [Triton X-(100-405)] surfactant.  Main 
recipe and polymerization condition are shown in Table 
II-l and Table II-lA. 
The Vinyl Acetate and Butyl Acetate monomers, mixed 
surfactants (dissolved by 20 g D.I. H^O in a beaker, 
and 20 g D.I. H20 in order to completely clean up the 
beaker) and 140 g of deionized water were charged into 
12-ounce glass bottles with metal caps containing self- 
sealing butyl-rubber gaskets.  The atmosphere was flushed 
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TABLE II-1 
Polymerization Recipe of 80:20 VinylAcetate-ButylAcrylate 
Polymer 
Monomer - VAC  = 80 g 
BA   - 20 g 
Emulsifier     = 2 g (2% wt on monomer) 
*Initiator and Catalyst = (0.37. wt on monomer) 
(NHA)2S208 - 0.3 g 
NaHC03     - 0.3 g 
D.I. H20      = 190 g 
Temperature   = 60°C 
Time = 24 hours 
Bottle polymerization 
*VBA-100 used K^S^g + NaHS03 as initiator and catalyst 
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TABLE II-l-A 
Emulsifier Recipe 
Latex 
Desig- 
nation 
Nonionic 
Surfactant 
TRITON-X (gram) 
Anionic Surfactant 
Aerosol OT 
(757.) 
(gram) 
Aerosol MA 
(807.) 
(gram) 
VBA-100 (X-100) 
2 
- - 
VBA-102 (X-102) 
1.6 0.2 0.2 
VBA-165 (X-165) 
1.2 0.4 0.4 
VBA-305 (X-305) 
0.8 0.6 0.6 
VBA-405 (X-405) 
0.4 0.8 0.8 
VBA-0 - 1 1 
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with nitrogen by inserting two hypodermic needles 
through the gaskets, one connected to the nitrogen 
supply, and the other providing an outlet.  The in- 
gredients were tumbled at 60°C for 2 hours prior to 
initiation.  Ammonium persulfate and sodium bicarbonate 
dissolved in 10 g of D.I. water were then injected 
through the gaskets.  The capped bottles with their 
contents were rotated end-over-end at 30 r.p.m. in a 
thermostated water bath for 24 hours at 60°C. 
The latex dispersions were then cooled at room tem- 
perature and filtered through glass wool to exclude 
coagulum. 
As the polymerization reaction did not proceed 
adequately for latex VBA-100 (all became agglomeration) 
K2S2°8 anc* NaHS03 were used as initiator and buffer to 
complete the polymerization reaction. 
The residual monomer was removed by steam stripping 
method. 
2.3  Particle Size Determination* 
The experimental method was as given in Part I, 
Sec. 2.3. 
*After steam stripping of latexes 
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2.4  Purification of Latex Dispersions by Ion-Exchange 
Resins (Determination of Surface Groupings) 
The experimental method was as given in Part I, 
Sec. 2.4. 
2. 5  Electrophoresis** 
The experimental method was as given in Part I, 
Sec. 2.5. 
2.6 Determination of Latex Stability** 
The experimental method was as given in Part I, 
Sec. 2.6. 
2.7 Calculation of Stern Potential, \p., and the Hamaker 
Constant, A. 
The calculation method was as given in Part I, 
Sec. 2.7. 
**After ion-exchange of latexes. 
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3.  RESULTS AND DISCUSSION 
3.1 Conversion of Latex Dispersions 
As shown in Table II-2, the conversion was found 
to be almost constant independent on the ratio of the 
anionic surfactant to nonionic surfactant. 
3.2 Modal Diameters of Latex Particles 
A typical example of the electron micrographs ob- 
tained with the latex dispersions is given in Figure 
II-l. 
The modal particles diameter obtained from electron 
micrographs are listed in Table II-2.  These results 
showed that the particles diameter decreased with in- 
creasing the anionic surfactant concentration; in other 
words, with decreasing the nonionic surfactant concen- 
tration (Figure II-2).  The effect of the mixed surfac- 
tant ratio, and the effect of the HLB values and Ethylene 
Oxide units of nonionic surfactant on the particles 
diameter are given in Table II-3, Figure II-3 and Table 
II-A, respectively. 
The increase in particles diameter with increasing 
(1) the content of nonionic surfactant in mixed surfac- 
tants, and (2) HLB values and EO units, results obtained 
(2   1) in the present work, corresponds with those of Ono  * 
and Woods.(2>2> 
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Figure „-!.  A^ic.l^etron micrograph of lat ex 
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The electronraicrographs showed that the latex 
particles were almost monodisperse.  The polydispersity 
of latex particles is given in Table II-5. 
There are four experimental facts in the present 
work:  (1) Monodisperse particle diameters were obtained 
(especially in this soft latex); (2) Effect of increased 
ionic surfactant content is to decrease the latex par- 
ticle size; (3) Increase of nonionic surfactant content 
results in an increased latex particle size; (4) In- 
crease of the hydrophobic part of surfactant results in 
an increased latex particle size.  According to the mi- 
cellar theory of emulsion polymerization these results 
are consistent with a micelle whose total surface was 
determined by the amount of ionic surfactant and whose 
interior volume was determined by nonionic surfactant 
content.  Decreasing the nonionic-to-ionic ratio would 
increase the number of micelles and hence decrease the 
particle size; on the other hand, an increase in this 
ratio would decrease the number of micelles and produce 
(2  3) large particles.  Kuriyama et a^.  ' f   reported that at 
high nonionic-to-ionic ratio, the critical micelle con- 
(2  4) 
centration is not greatly affected.  Shinoda  " '   showed 
that micellar size increases sharply with increasing 
nonionic surfactant content. 
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TABLE   II-5 
Polydispersity  of Latex Particles 
Latex 
Designation DN(8) v*> PD 
VBA-100 4292 4870 1.135 
VBA-102 3896 3944 1.012 
VBA-165 1277 1395 1.093 
VBA-305 985 1082 1.099 
VBA-405 792 898 1.133 
VAB-0 781 805 1.031 
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3.3  Surface Charge Density of the Latex Particles 
The changes of specific conductance with purifica- 
tion by ion exchanged resins and its pH values after 
ion-exchange of these latex dispersions are shown in 
Table II-6. 
Particle diameter, numbers of surface groups, 
and total surface charge density of these latex 
dispersions are shown in Table II-7 and Table 
II-7-A. 
The results of the conductometric titration 
showed that the surface of all particles contained both 
sulfate and carboxyl groupings.  The conductometric 
titration curves for the latex dispersions are shown 
in Appendix II-A.  The calculation for determination 
of surface end groups concentration is similar to 
that of Appendix I-B. 
The number of sulfate groups and the number of 
carboxyl groups on the surface, as well as total 
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TABLE   II-6 
Conductivity  of Latex Dispersions 
Latex Specific conductance ft  cm" PH 
Designation Before 
I.E. 
After 
I.E. After I.E. 
VBA-100 4.475xl0~4 1.074xl0~6 3.8 
VBA-102 2.864xl0~4 1.289xl0'6 4.0 
VBA-165 3.222xl0"4 2.327xl0"6 3.9 
VBA-305 3.043xl0~4 3.365xl0~6 4.2 
VBA-405 3.401xl0~4 3.401xl0~6 4.1 
VBA-0 3.759xl0'4 3.849xl0"6 4.1 
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TABLE II-7-A 
Analysis of Surface End-Groups per Gram Polymer for All Latexes 
Latex Particle Total No. of Total No. of 
Desig- Diameter End Groups/g Polymer Charges/g 
nation (nm) Polymer, Cou- 
lomb/g polymer 
VBA-100 429.2 2.96 x 1018 0.47 
VBA-102 389.6 2.79 x 1018 0.45 
VBA-165 127.7 2.77 x 1018 0.44 
VBA-305 98.5 1R 3.03 x 10 0.48 
VBA-405 79.2 
I Q 
3.45 x 10 0.55 
VBA-0 78.1 
I o 
3.34 x 10 0.53 
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surface charge density were decreased with decreasing 
the particle size as a result of the increase in the 
anionic surfactant content (Figure II-2 and A and Table 
II-7 and 7-A).  All of the latex listed in Table II-7 
were stable after ion exchange, even though they mostly 
have a slighly low surface charge relative to the etnulsi- 
fier-free latexes.  Based on these considerations, it 
may be proposed that in the decomposed reaction of 
initiator (Sec. 3.5) or hydrolysis of the copolymer, 
the OH groups were effectively located on the surface 
of particles and the latex was sufficiently stabilized 
with surface hydroxyl groups.*  Unfortunately, the OH 
groups, which formed from the Vinyl Acetate hydrolyzed 
units or formed by the side reactions of sulfate ion- 
radical with water, can not be detected by conducto- 
metric titration method. 
3.4  Zeta Potential of Latex Dispersions in the Presence 
of Simple Inorganic Electrolyte 
The mobility results obtained from the microelectro- 
phoretic measurement were converted into zeta potential. 
The zeta potentials as a function of various concentra- 
tions of KC1 and BaCl2 are given in Table II-8 and 
Table II-9, respectively.  These results show that for 
*The partial adsorbed of the nonionic surfactant on the 
latex particles was proposed also to have a contribution 
to the stabilization (Sec. 3.5). 
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TABLE   II-8 
Zeta Potential   of Latex Dispersions  Against   KC1 
- r (zeta  potential),   rav 
Latex 
Designation 
1-1 electrolyte, KC1 
0.01 M 0.005 M 0.001 M 0.001 M 
VBA-100 8.46 14.28 22.31 24.75 
VBA-102 6.98 10.79 21.15 22.63 
VBA-165 8.67 11.00 15.23 16.50 
VBA-305 8.25 7.00 8.88 14.38 
VBA-405 -- -- -- -- 
VBA-0 — — 
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all latexes zeta potential increased with decreasing 
salt concentration.  The calculation for the conversion 
of mobility into zeta potential is similar to that of 
Appendix I-C. 
The distance, D, of the plane of shear (c-plane) 
from the Stern layer and the Stern layer potential, \J>, , 
of all latex particles were calculated by using Eq. 
(1-12).  The results are shown in Table 11-10 and Ap- 
pendix II-B. 
From Table 11-10, the distance between c-plane and 
ty.   layer was not as good as the results shown in Part I, 
Sec. 3.4, Table 1-8, but still not far from the constant 
values; for example, latexes VBA-165 and VBA-305.  The 
distance D, and ty,   values were almost the same for 1-1 
and 2-1 electrolyte. 
3 . 5  Stability of Latex Dispersions 
The stability curves obtained from the slope of 
optical density vs. time curves (the change in turbi- 
dity, recording curves from the equipment) for this la- 
tex dispersions using KC1 and BaCl? as the coagulating 
agent are given in Figure II-5 to Figure 11-10, in the 
form of log W   against log C  curves. 
°  exp  &        °  e 
The values of the slopes of the stability curves 
and the critical coagulation concentration of the latexes 
are given in Table 11-11.  The c.c.c values were 
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TABLE 11-10 
The Distance of the Plane of Shear from Stern Layer and 
<K Values 
Latex 
Desig- 
nation 
1-1 electrolyte 
KC1 
2-1 electrolyte 
BaCl2 
D (8) -^(mv) D (8) -^6(mv) 
VBA-100 36 31 15 13 
VBA-102 41 29 16 14 
VBA-165 22 19 19 17 
VBA-305 18 13 21 16 
VBA-405 -- -- -- -- 
VBA-0 — — — — 
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Figure II-5.  Stability curves for latex VBA-100 
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Electrolyte   Concn.      ,   M 
Figure II-6.  Stability curves for latex VBA-102. 
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Stability curves for latex VBA-165 
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Figure II-8.  Stability curves for latex VBA-305. 
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Figure II-9.  Stability curves for latex VBA-405. 
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Figure 11-10.  Stability curves for latex VBA-0. 
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determined by extrapolating the W   values down to J r
 exp 
log W   = 0 and reading up log C  at the point of 
intersection. 
The Stern layer potential, ^ , and Hamaker constant, 6 
A, were calculated from Eq. (1-3) and Eq. (1-7), respec- 
tively.  These results are shown in Table 11-11. 
The y    values were found not to correspond with 6 
the values calculated from the Gouy-Chapman derivation 
equation (Eq. 1-12); except latex VBA-165 and VBA-305 
for 1-1 and 2-1 electrolyte both cases were approximately 
the same values (Table 11-10 and Table 11-11).  This 
observation cannot be explained well at present. 
From Table 11-11 the Hamaker constant A, and Stern 
layer potential, <|>r, were increased with decreasing the 
particle size.  The increase in Hamaker constant results 
in the increase in the attraction between latex particles 
The critical coagulation concentration values were 
found to increase with the increase of the particle 
size.  This c.c.c. value did not follow the inverse 
sixth power Schulze-Hardy rule as formulated quantita- 
tively in the DLVO theory (c.c.c. values were slighly 
high in case of 1-1 electrolyte). 
These results suggested that the particles were 
stabilized not only by electrostatic repulsion but also 
stabilized by steric repulsion.  The hydrolysis of both 
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Vinyl Acetate and Butyl Acrylate units (OH groups and 
carboxyl groups on the surface), the hydrolyzation of 
the branching groups of Vinyl Acetate units and the 
partial adsorption of emulsifier (e.g. PEO units of 
nonionic surfactant) are proposed to have a large 
contribution to the steric stabilization.  However, 
the degree of hydrolysis of Vinyl Acetate-Butyl Acrylate 
copolymer is less than the degree of hydrolysis of 
either polyvinylacetate homopolymer or polybutylacrylate 
homopolymer.  These hydrolysis phenomena are proposed 
to take place during the particle formation and become 
more hydrolyzed after ion-exchange. 
The hydrolysis of polyvinylacetate results in the 
formation of polyvinylalcohol which differs mainly in 
the degree of hydrolysis; for example, 257., 507., 907., 
etc., hydrolyzed. 
H  H  H  H H^O H  H  H  H fn      r n     f-\ 
-C-C-C-C-   -^r-±    -C-C-C-C-  (ii-l)^^-3'^-0-' 
H ' H I    H or OH"    H I H » 
0   0 OH  OH 
C=0 C=0 
i   i 
CHo CH^ 
The whole family of acrylic ester derivatives may 
also undergo hydrolysis.^2'5'2*6^ 
H90 
-CH--CH-    -+—-    -CH9-CH-     (H-2) 
C-0    H  or 0H"        C-0 
0 OH 
i 
CAH9 
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Autocatalytic hydrolysis reactions were observed 
with the acrylic ester derivations (especially poly- 
methylacrylate or polybutylacrylate) and with polyvinyl- 
acetate, in the latter case partially hydrolyzed were 
(2  7) inhomogeneous with respect to composition.  ' 
To explain the branching behavior in polyvinyl- 
acetate, it can be suggested that there are three types 
(I, II and m) (2.8,2.9) of free radicais which might 
be formed as the result of chain transfer to polymer 
molecules, i.e. transfer to polymer results in the forma- 
tion of a radical site on a polymer chain.  Transfer to 
polymer cannot be neglected for the practical situation 
where polymerization is carried out to completion or 
high conversion.  Also, most of the transfers are lo- 
(2 8") 
cated at acetate group (Type III).  ' ' 
CD (g)      H 
CH0   -   C   £   -   C 
0 HO 
00 C=0 ■ i 
CHn CHo 
Type   I R Type   II 
 CH2   -   C  
6 
C=0 
I 
CH2 
<3> 
Type   III 
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The reactivity ratios of comonomers VinylAcetate 
(Ml) and ButylAcrylate (M2) are rl   - 0.0388 and r2 - 
5.529 respectively- ^   '      '   It is clear that the reaction 
of ButylAcrylate is faster than the reaction of Vinyl- 
Acetate (i.e., mostly in the inner particles).  A pro- 
posed mechanism of hydrolysis and branching in Vinyl- 
Acetate-ButylAcrylate copolymer is shown in the 
following: 
Free radicals from initiator are generated accord- 
ing to the following reactions: 
S20g2-      -    2S04"- (H-3) 
S0A~- + H20 -* OH- + HS04" (II-A) 
(1) Possibility I for SO,~• free radicals 
For ButylAcrylate: 
so4". + 
"2 
C  = 
H 
C      * 
C=0 
i 
0 
1 
C4H9 
so4" -C-C- 
C«0 
0 
1 
C4H9 
<■* soA".. 
H2  H 
..C   -C- 
C-0 
i 
0 
1 
C4H9 
(H-5) 
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r VinylAcetate: 
H2 
SO,"- + c - 
H 
C 
0 i 
H2H 
SO, -C-C- 
4    i 
0 
C-0 
CH3 
C-0 
CH3 
-¥■ soA"... 
H2  H 
C - C- 
i 
0 
c=o 
1 
CH~ 
(H-6) 
Possibility II for SO/ • free radicals especially in 
the formation of branching in the polyvinylacetate 
units. „   „ 
30/"-+  C-C    _ 
0 
C=0 
e.g. CH3 
H2  • 
Type I:  C-C      + HSO 
0 
C=0 
CH„ 
4 
H 
C 
H 
H 
Type III:       -C       + HS04' 
0 
C-0 
CH„- ( H-7) 
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(2)  Possibility I for OH- free radicals 
20H. •* H20 + ^02 
Possibility II for 0H« free radicals 
for ButylAcrylate 
H H, 2   H "2  H 
OH- + C  - C   - OH - C - C- 
C=0 00 
i i 
0 0 
1 I 
C4H9 CAH9 
OH  
H2 
C - 
H 
C- 
C=0 
i 
0 
C4H9 
(H-8) 
for VinylAcetate 
H2  H 
OH- + C = C 
i 
0 
c=o 
I 
CHo 
OH - 
H2 
C - 
H 
C- 
i 
0 
<>0 
CHo 
OH 
H2 
C - 
H 
C- 
i 
0 
c=o 
I 
CH, 
(H-9) 
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possibility III for OH • free radicals in the 
formation of branching in the polyvinylacetate units 
H2 H 
OH- + C - 
H2 
C  
i 
0 
C-0 
CH3 
• 
■*■ 
Type I: C - 
• 
c  
1 
0 
1 
oo 
CH3 
H 
+ H20 
Type II: , c - 
H 
c  
1 
+ H20 
c=o 
CH3 
^2  H 
Type III:     C-C  + H20 
0 
OO 
CH2- (11-10) 
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(3)  The possibilities of formation branching and 
hydrolysis 
(a)  Eq. (II-6) + Eq. (II-7) 
H2  H H2  • 
SO,  C - C-   +  C - C 
'A i i 
0 0 
c=o c=o 
CH0 f A     CH0 l3 
H2?     0 
?-°-C-CH. 
c - c • 
H2  0 
C=0 ^II"11> 
may be hydrolyzed SO, 
CH. 
'A 
H0   C 
C-OH 
H0   C 
H   C-OAC 
i 
c -  c  
I 
0 
oo 
CHo 
H 
(H-12) 
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(b)  Eq. (II-9) + (11-10) 
OH 
H, H 
i 
0 
c=o 
I 
CH-, 
H2  H 
C - C... 
• 
0 
CH. 
H2 
C - 
H 
C. . 
i 
0 
c=o 
I H 
CH2-C-C 
0 H2 
C 
CH 
0 
OH 
(H-13) 
may be hydrolyzed 
H2 
C - 
H 
C. . 
i 
0 
I 
c=o 
CH0 
H H, 
H   "2       2 
C-C-C-C-C. 
OAC     OH      OH 
OH 
(11-14) 
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(4) The overall outline of polymer chains as shown 
below: 
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(5)  The latex particles morphology are shown in Figure 
11-11. 
3.5.1  Electrostatic Stabilization 
In the DLVO theory, the interaction potential, V, 
between two interacting spheres is expressed as the 
superposition of two parts, V. and VR, i.e. the Van der 
Waals attraction and double layer repulsion potentials, 
(2 12 2 13 
respectively.  They are expressed as follows:  * 2*14} ' 
v = vA + VR 
2 
V
 
=
  "  TZ Ho~f    + 3-469  x  1Q19   e(kT)2 ^_ exp(-<Ho) 
at   25°C 
V
 
=
   "   T2" fef    +  4-62  x  10"6  H~  exP("<Ho) 
(H-15) 
where <  = (8TrnV2e2/ekT)^ (II-15a) 
Y - exp(Veif,6/2kT)-l/exp(Ve^6/2kT)+l      (II-15b) 
A »= Hatnaker constant, ergs 
a = the radius of spherical particle, cm 
Ho = the shortest distance of separation between 
two particles, cm 
E= the dielectric constant, 78.55 
k = Boltzman constant, 1.38 x 10"   erg/°K 
T - absolute temperature,  K 
V ■» the valency of the ion 
3 
n - the ionic strength, ions/cm 
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Figure 11-11.  The possibility outline of the latex 
particle morphology. 
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e = Che elementary charge, 4.8 x 10"   e.s.u. 
^A » the Stern layer potential of the particle, 
statvolt 
f « correction factor of Van der Waals attraction 
forces 
It is interesting to draw the potential curves for 
the various c.c.c. values of all latexes using the 
average values of Hamaker constant, A, andty     (average 
values in case of 1-1 and 2-1 electrolytes).  The cor- 
rection factor, f, of the Van der Waals attraction 
forces was calculated according to Clayfield  '  ' and 
(2   13") Fowkes  "  ' method (see Appendix II-D and Table 
II-D-1).  A typical calculation of potential repulsion 
curves using Eq. 11-15 is shown in Appendix II-C. 
The curves of interaction potential between two 
particles of various particle size for 1-1 valent ion 
and 2-1 valent ion at c.c.c. are shown in Figure 11-12 
and Figure 11-13, respectively. 
It is clear that from Figure 11-12 and Figure 
11-13 all latex particles were less stable at c.c.c. 
Also, the electrostatic repulsion increased with de- 
creasing the particle size as the result of the de- 
crease in the nonionic surfactant content. 
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These results seem in total conflict with the 
values of c.c.c. of all latexes, in which c.c.c val- 
ues increased with increasing the particle size as a 
result of the increase in the nonionic surfactant 
content.  To explain these statements, 
(a) The correction factor of Van der Waals forces, f, 
playsan important role in the calculation of 
total interaction energy.  For example, (1) the 
calculation without correction factor, f, the 
maximum total interaction energy became smaller 
than kT.  (V<kT) for all latexes.  (2) f values 
were obtained from the calculation through the 
thickness of steric stabilization layer, i.e. 
f values are dependent on the thickness of steric 
layer^213^  (See Appendix II-D and Table II-D-1) 
Therefore, total interaction energy, V, (V a 
V. + VR) would increase according to Eq. (11-15) 
(because f values decreased). 
(b) Increasing the nonionic surfactant content. 
However, the partly adsorbed layer of nonionic 
surfactant on the surface particles increased 
would increase the c.c.c. values when adding 
various concentrations of salt solution (pro- 
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tecting effect).  The hydrolysis possibilities as 
mentioned in Sec. 3.5 can also have an effect 
and increase the c.c.c. values. 
From Figure 11-12, Figure 11-13 and Table II-2, 
the total repulsion energy results correspond with the 
steric stabilization theory where the smaller particles 
are more stable. 
3.5.2  Steric Stability 
Evans, Smitham and Napper^ •  » •  / using the Flory 
network theory developed simple analytic formula for the 
elastic contribution to the steric stabilization by 
macromolecules.  Two models were examined in detail: 
a constant segment density model and Gaussian segment 
density distribution model.  They proposed that the 
elastic contribution is negligible in the interpene- 
tration domain but becomes important as significant 
compression occurs. 
In analyzing the present experimental results, 
let's consider the case of the interpenetration plus 
compression domain (Ho<L, Ho is the minimum distance 
between core particles and L is contour length of 
the chains or the stabilizing barrier thickness).  To 
calculate the elastic contribution for spheres using 
constant segment density model (assuming in this case). 
Evans, Smitham and Napper^ *  ' derived the following 
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equation: 
AGg1   -   2LvTTakT(l+6oln6o-6o) 
H 
where   6     m  ?— o       L 
, H 
AGel   -   2virakT[H   {ln(r-°-)-l} +  L] (11-16) 
S O Li 
el 
where  AG  ■= the elastic repulsion free energy for 
sphere, ergs 
v = the total number of attached chains 
2 per unit area, chains/cm 
a = the radius of spherical particle, cm 
H  = the minimum distance between core 
particles, cm 
L = steric layer thickness, cm 
k = Boltzman constant erg/ K/chains 
T «= absolute temperature,  K 
The calculation of the elastic repulsion free 
el 
energy, tC     , for latex particles (include the assump- 
tion) are shown in Appendix II-D.  In order to provide 
better insight into colloid stability, additional re- 
sults concerning the combination of electrostatic re- 
pulsion and steric stabilization will be discussed in 
the next section. 
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3.5.3  Combinations of Electrostatic Stabilization and 
Steric Stabilization 
In order to compute the total interaction energy 
of two colloidal particles, the elastic repulsion free 
energy must be combined with the electrostatic energy 
of repulsion VR and the Van der Waals attractive 
energy VA, giving: 
v
- -„i " VD + VA + AGel total    R   A    s 
The resultant curves of V_ _ ■,   against H  cal- total  °      o 
culated for 1-1 and 2-1 electrolytes at c.c.c. are 
shown in Figure 11-14 and Figure 11-15, respectively. 
It is clear from Figure 11-14 and Figure 11-15 
that the elastic contributions to the stabilization are 
significantly important; however, the total interaction 
energy curves of the combination of electrostatic and 
steric repulsion are at least 2 x larger (more repul- 
sion) when compared to the electrostatic interaction 
energy curves (Figure 11-12 and Figure 11-13).  For 
latexes: VBA-102, VBA-0 and VBA-165 the maximum 
repulsion energies are vtot:ai >5kT, which are sufficient 
for the stabilization.  For latexes VBA-405 and VBA- 
305 the maximum repulsion energies are slightly less 
than 5 kT (V  t ■,   =  5  kT) , which are approximately 
stable.  For latex VBA-100, the maximum repulsion 
energy is VT<kT, which is unstable. 
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The elastic contribution to the total energies 
of repulsion for the combination of electrostatic and 
steric stabilization between two spherical particles 
seems mainly to depend on: the degree of branching 
and the degree of hydrolysis of Vinyl Acetate-Butyl 
Acrylate copolymer, i.e., depend on the OH groups of 
vinyl acetate units (different steric configuration), 
the number of attached chains per unit area of latex 
particles, the particle size, and also the very im- 
portant factor, i.e., the steric layer thickness, 
which can make more elasticity for the stabilization. 
el In other words, AG   « vLa (Eq. 11-16 and Appendix 
II-D, Table II-D-1) .  It is clear that the higher the 
values of \>La added to the electrostatic interaction 
energy curves in which V increased with decreasing the 
particle size, the more repulsion curves (VT) are ob- 
tained (e.g., VBA-102).  The elastic contribution for 
large particles became quite impossible (unstable) when 
the particle size is equal to A29.2 run (e.g., VBA-100). 
The effect of mixed surfactants (partly physically 
adsorbed or chemically bound on the particle surface) 
on the elastic contribution are proposed to be less 
than the effect of hydrolysis or branching, which have 
a significant contribution to the steric layer thick- 
ness. 
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4.  SUMMARY AND CONCLUSION 
1. To get information about the surface charge, con- 
ductometric titrations have been carried out on 
monodisperse latexes.  Using this method, sulfate 
and carboxyl end groups were detected.  The total 
surface charge density decreased with decreasing 
the particle size. 
2. In the mixed emulsifier system, the particle size 
was affected by the mixed ratios, i.e. the particle 
size increased as the nonionic surfactant contents 
increased. 
3. The distances between £-plane and Stern layer were 
found not far from the constant value. 
4. ^ values obtained from electrophoretic and coagu- 
lation rate measurements did not correspond. 
5. The c.c.c values were found to increase with the 
increase of the particle size. Also, the c.c.c. 
values did not follow the inverse sixth power 
Schulze-Hardy rule. 
6. Hydrolysis of Vinyl Acetate and Butyl Acrylate units 
and hydrolysis of the branching groups of Vinyl- 
Acetate units were proposed to have a large contri- 
bution to the steric repulsion.  These hydrolysis 
phenomena were proposed forming during the parti- 
cles formation and become more hydrolyzed after 
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ion-exchange.  A proposed mechanism for the hydro- 
lysis and branching (from the effects of initia- 
tor) of this copolymer has been described. 
7. The interaction energy curves of electrostatic 
stabilization (including the correction factor of 
Van der Waals attraction forces) have been investi- 
gated.  All latex particles were found less stable 
at c.c.c.  The calculated repulsion energy in- 
creased with decreasing the particle size.  These 
results are exactly in conflict with the c.c.c 
results in which the c.c.c. values increased with 
increasing the particle size; the reasons for this 
contrast have been discussed.  The results of the 
electrostatic repulsion curves seem to correspond 
with the steric stabilization theory where the 
smaller particles are more stable. 
8. Napper's equation was used to calculate the elastic 
contribution for latex particles in the steric 
stabilization. 
9. An attempt has been made to calculate the total 
interaction energy between latex particles by com- 
bining the electrostatic stabilization and steric 
stabilization systems.  The elastic contribution 
to the total interaction energy of this combination 
system seems mainly to depend on the degree of 
104 
hydrolysis (OH groups), the degree of branching, 
the particle size and significantly dependent on 
the steric layer thickness of the surrounding 
particles.  The mixed emulsifiers were proposed 
also to have a significant effect to the elastic 
contribution. 
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APPENDIX I-A 
CONDUCTOMETRIC TITRATION CURVES 
OF LATEXES AFTER ION-EXCHANGE 
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VBA   -   I   latex   (   1.038  gm   solid   in   200   ml 
dispersion   ) 
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Figure I-A-l.  Conductometrie titration curves for 
latex VBA-1. 
110 
VBA   -   3   latex   (   0.956  gm   solid   in   200   m 
dispersion   ) 
•o 
o 
x 
E 
>■ 
> 
i— 
o 
o 
o 
8. 0 
7. 0 _ 
6. 0 
5. 0 - 
4. 0 - 
3. 0   - 
2.0- 
1.0- 
0. 0 
0. 0 
Figure  I-A-2 
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CONCN.   OF  0.0199  N   NaoH  (   ml   ) 
Conductometrie   titration curves  for 
latex  VBA-3. 
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VB4   -   5   latex   (   0.852  gm   solid   in   200   ml 
dispersion   ) 
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Figure   I-A-3 
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CONCN.    OF   0. 0199   N   NaoH   (   ml   ) 
Conductometric titration curves for 
latex VBA-5. 
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VBA- 7   latex   (  0.963  gm   solid   in   200  ml 
dispersion   ) 
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Figure   I-A-4.      Conductometrie   titratton  curves   for 
latex VBA-7. 
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VBA-   9   latex   (   0.967   gm   solid   in   200   m 
dispersion   ) 
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Figure  I-A-5 
CONCN.    OF   0. 0199  N     NaoH   (   ml   ) 
Conductometrie titration curves for 
latex VBA-9. 
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APPENDIX I-B 
DETERMINATION OF SURFACE GROUPINGS 
A. Determination of number of acidic groups in gram 
equivalent/g solid polymer^ ' ' 
(Vi-Vi-l} ni " S(1000)—  '    Vo " °-° 
where 
n. = number of acidic group i in g equvalent/ 
g solid polymer 
V. = volume of ^0.02N NaOH added for reaching the 
equivalent point, in ml. 
N  = normality of NaOH solution 
S  = weight of polymer solid titrated in gm 
B. Determination of surface end group concentration  * ^ 
From the titration curves, we can determine the 
number of gram equivalent of titrant required for a cer- 
tain amount of latex containing x gm solid polymer. 
1  3 Volume of each latex particle = -rvd 
1  3 Weight of each latex particle - -rird p 
y 
Number of particles in X gm of solid - j—n— 
*
vd
  
P
P 
Surface area of x gm of solid - ird (y—•*—) - -r^ 
5nd PP    PP 
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2 
Surface end group concentration, number of end groups/cm 
y  dPD 
«      
P
 (N ^ 
X = weight of polymer solid titrated, gm 
y « gram equivalent of titrant used, gm eq. 
3 
p  = density of the polymer solid, g/cm 
23 N. = Avogadro's number, 6.02x10  nm/g.eq. 
SAMPLE CALCULATION: 
For Latex VBA-3 after 5th ion exchange (Appendix 
I-A, Figure I-A-2) 
m   n  = 
V1N_  = (0.12 ml)(0.01990 g eq) (A)
  
nl  IMOT (1000 ml) (0.956 g) 
(strong acid) 
= 2.498 x 10"6 g eq/g solid 
„  - 
(V2"V1)N   (0.44-0.12)ml x (0.01990 geq) 
n2 ~  1000s     (1000 ml) (0.956 g)  
(weak acid) 
6.66 x 10"6 g eq/g solid 
2     y  dpr (B)  Number of end groups/cm -  gy P N. 
(strong acid) 
K ,-      
V1N    (0.12 ml)(0.1990 g eq) 
where y - ^Q - (1&00 ml)  * H' 
- 2.388 x 10"6 g eq 
(2.33xl0~6geq)(3050xl0"8cm)(1.1636g/cm3)x(6.02xl023 ±£H£) 
 6 x (0.956 g) &£a— 
(Continued) 
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- 2.37 x 10  groups/cm2 
2 13 2 Total number of end groups/cm - 3.26x10  groups/cm 
2 13 2 Total number of charges/cm  - (3.26 x 10   groups/cm ) 
-19 (1.6 x 10  coulomb/groups) 
- 5.22 x 10"6 coulomb/cm2 
2 
or ■» 5.22 pcoul/cm . 
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APPENDIX I-C 
DETERMINATION OF ZETA POTENTIAL FROM 
MOBILITY MEASUREMENT 
Equipment calibration factor 
magnification - 73.1 y 
time factor = 6/5 
cell constant = 7.2 cm 
upper wall position = 20.62 mm 
lower wall position «= 22.17 mm 
Equations used: 
.. ,  . .   ,.  magnification x time factor    ,    ,,s Velocity, V = ». ■ °—r-r-i—3—3 —c •  . u/sec (1) 7
 ' time/division of microscope ' M'    v ' 
Voltage gradient, VQ - ^voltage^^   cm/volt    <2> 
Mobility, u « V x Vr ycm/volt-sec     (3) 
Position, h «= reading position 
upper wall position + lower wall position 
mm (A) 
Zero point - 
/Upper wall position - lower wall position,, 2 
mm
2
 (5) 
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SAMPLE CALCULATION: 
For latex VBA-5 in 0.001 M KC1 solution, the experi- 
mental data and calculation results can be summarized as 
Table I-C-l. 
2 
Plotting u vs. h , a straight line can be obtained, 
electrophoretic mobility; u obtained by interpolating 
2 h at "zero point" (see Eq. (5) and Figure I-C-l). 
i.e., u = 0.684 ycm/volt-sec. 
Then using calibration method** and the experimental values 
substitute into Eq.  c = -|£ iM - u &ILI1 , 
obtained 1 mobility «= 21.15 mv. 
Thus zeta potential, z,  = 0.684 x 21.15 mv » 14.47 mv. 
**Paul Krumrine, private communication, Lehigh University, 
Bethlehem, Pa. 
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APPENDIX I-D 
DERIVATION FOR THE EQUATION OF THE DISTANCE BETWEEN 
THE PLANE OF SHEAR FROM THE STERN LAYER AND THE STERN 
LAYER POTENTIAL. 
Poisson's equation: 
d_4 - _ ttJUL (1) 
dxZ      c 
where ^  «* electrical potential 
x = distance x from the interface 
p = charge density 
E = dielectric constant 
Boltzman's equation: 
V_e^ 
n_ = n exp( ^ ) 
-V+e* 
n+ = n exp( kT  ) (2) 
3 
where n = the number of ions per cm  far 
from the surface 
e « the elementary charge 
V, , V_ ■» the valences of the positive and 
negative ions 
k ■ Boltzman constant 
T - absolute temperature 
The charge density p at any point is given by: 
p - I Vi eni 
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or        p - e(V+n+ - V_n_) (3) 
for symmetrical electrolyte V, - V_ - V 
for unsyrranetrical electrolyte V, f  V_, according to 
Overbeek*   V, = V 
Combine Eqs. (1), (2) and (3) 
P = -eVn[exp<^|) - exp<- £e*) ] 
or = -2Vnesinh(^) (4) 
Eq. (4) substituted into Eq. (1) 
2 
—X "  — Ven sxnhCcTp51) 
both sides multiplied by 2-r£ , then integrated 
fd   /d^N2   rl6* ..    .  ,VeK d^ 
'a*<Hx>  = I—  Ven smhC^^) g£ 
Condition:  -r^ -+■ 0   at x ■*■  » where 4» - 0 
Obtained (g^) = —  [cosh(-^f)-1 ] 
d<l>  _ 16TinkT   , .    Vej<       ,v a^ = - y —E—  (cosh "TET " 1}
(slope decay, select negative sign).     (5) 
*E.J.W. Verwey and J. Th. G. Overbeek "Theory of the 
Stability of Lyophobic Colloids," p. 33.  Amsterdam, 
1968. 
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HD|— 
vet, „ 
Solving  Eq.    (5)  **_  J
   Ve*,    [cosh(X^)_i 
W 
*3>-ir 
■•IF TT nVe rsr /Z d: 
=   -K/2(X-X,T) (6) 
Since  sinhzx =  %[cosh2x-l] 
Then   [cosh2x-]* =   /2  sinhx     subst.   into  Eq. (6) 
VeC 
rKT~ 
Ve^( sinh(%^) 
-<D 
let: (x-x6) 
From integral table, obtain 
ln[tanh(^Jr)] = ln[ tanh(2n^) ] -icD (1-12) 
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APPENDIX I-E 
THE PLOTS OF EQUATION (1-12) FOR DETERMINATION OF 
THE DISTANCE OF THE PLANE OF SHEAR FROM THE STERN 
LAYER  AND THE STERN LAYER POTENTIAL. 
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APPENDIX II-A 
CONDUCTOMETRIC TITRATION CURVES OF LATEXES AFTER 
ION-EXCHANGE. 
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o 
VBA   -   100  latex   (   1.350  gm   solid   in   200   ml 
dispersion   I 
8. 0 
7. 0- 
6. 0- 
5. 0_ 
4. 0_ 
0. 0 
0. 0    0. I    0. 2    0. 3    0. 4    0. 5 
CONCN. OF 0. 0195 N NaoH  ( ml ) 
Figure II-A-1.  Conductometrie titration curves for 
latex VBA-100. 
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VBA   -   102   latex   <   1.389  gm   solid   in   200   m 
dispersion   ) 
l 
X 
'* 
o 
Z3 
O 
o 
o 
8.0 
7. 0    ~ 
6.0   " 
5. 0 
4. 0   - 
3.0 
2. 0   - 
I. 0 
0. 0 
0. 0 0. I 0. 2 0. 3 0. 4 0. 5 
CONCN.   OF  0.0195   N   NaoH   (   ml   ) 
Figure  II-A-2.     Conductometrie   titration  curves   for 
latex  VBA-102. 
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VBA   -   165   latex   (   1.3575  gm   solid   in   200   ml 
dispersion   I 
v© 
o 
E 
o 
o 
=> 
o 
8. 0 
0. 0 
0. 0 0. I 0. 2 0. 3 0. 4 0. 5 
CONCN.    OF  0.0195   N   NaoH     (   ml   ) 
Figure  II-A-3.     Conductometric   titration curves   for 
latex  VBA-165. 
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VBA   -   305   latex   (   1.3575   gm   solid  in   200   ml 
dispersion   ) 
8. 0 
I 
X 
E 
c_> 
O 
■z. 
o 
o 
6. 0 - 
4. 0 - 
Figure II-A-A 
0. I    0. 2 0. 3    0.4    0. 5 
CONCN. OF NaoH ( 0. 0195 N I   .ml 
Conductometrie titration curves for 
latex VBA-305. 
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VBA   -  405   latex 
I 
CD 
X 
E 
O 
■z. 
o 
8. 0 
7. 0_ 
6. 0- 
5. 0_ 
4. 0 
3. 0- 
2. 0- 
. 362  gm   solid  in   200   m 
dispersion   ) 
0. 0 
0.0 0. I 0. 2 0. 3 0. 4 0. 5 
CONCN.    OF  0. 0195   N   NaoH   (   ml   ) 
Figure II-A-5.  Concuctometrie titration curves for 
latex VBA-405. 
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VBA   -   0   latex   i   1.407   gm   solid   in   ?00   nl 
dispersion   • 
I 
X 
>- 
I— 
> 
I— 
o 
c 
o 
8. 0 
7. 0- 
6. 0 
Figure   II-A-6. 
0.1 0. 2 0. 3 0. 4 0.5 
CONCN.    OF   0.0195   N   NaoH   I    ml   I 
Conductometric titration curves for 
latex VBA-0. 
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APPENDIX II-B 
THE PLOTS OF EQUATION (1-12) FOR DETERMINATION OF THE 
DISTANCE OF THE PLANE OF SHEAR FROM THE STERN LAYER 
AND THE STERN LAYER POTENTIAL. 
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APPENDIX II-C 
A TYPICAL CALCULATION OF TOTAL INTERACTION POTENTIAL 
REPULSION CURVES (ELECTROSTATIC STABILIZATION). 
2 
V = - ^ g^ f + 4.62xl0~6 ^ exp(-KHo) (11-15) 
K  =   (8TinV2e2/ekT)% (II-15a) 
Y =   exp(Ve^6/2kT)-l/exp(Ve^5/2kT)   +  1 (II-15b) 
For example: Latex VBA-0 (in case of 1-1 electrolyte) 
(1)  The c.c.c. values (Table 11-11), v, e. c, k and T 
values all substitute into Eq. (II-15a). 
K = 1 S^vfe2 n~-  |8TT'12-(A.8X10" 
\)   ekT n   \( 78.55 x (1.38x 
-10     v2 
e. s . u.) 
10'ib erg/°K 
x 5.418xl019 ions/cm3 
K = 9.86 x 106 cm"1 
(2)  Average value of ^ (1-1 and 2-1 electrolyte), 
(
*6>AV = 20-57 mv- 
Substitute into Eq. (11-156) 
ez-l Ve*6 
Y
  
=
 -T~7 ' z  " WT 
e +1 
1 x (4.8xl0"10esu)(|^|^y=-3 statvolt) 
2 x (1.38xl0~16 erg/°K)x(298°K) 
Thus Y - 0.197. 
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-13 (3) Average Hamaker constant value, (A)AV - 1.08x10 
ergs. 
(4) Van der Waals retardation correction factor, f, 
obtained from Appendix II-D, Table II-D-1. 
obtained f = 0.33. 
(5) Particles radius, a - (% x 781 x 10"8 cm). 
All the data substituted into Eq. (11-15) obtained 
v .. (1.08xlQ-13ers) x(%x781xlQ-8cm)  x033 
1
 (HoxlO~Bcm) 
+ 4.62X10"6 x (%x781xl0-8cm)(0.197)2 
1Z 
exp (-9.86XIO6 x HoxlO"8) 
where Ho = in 8 units. 
Then, 
V = -1.16xl0"2 ^ +  7xl0"13 exp(-9.86xlO"2Ho) 
Varying Ho values then V can be obtained and the total 
interaction energy curves (V) against Ho as shown in 
Fig. 11-12 and 13. 
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APPENDIX II-D 
A TYPICAL CALCULATION OF THE ELASTIC REPULSION FREE 
ENERGY,AG^1, FOR LATEX PARTICLES, 
(A)  The calculation of steric layer thickness, L, and 
Van der Waals retardation correction factor, f. 
Hamaker constant can be calculated according to 
jual 
hV. 
Gregory^ '  ' eq tion: 
A - 0.422 —- (X,-X.)Z (1) 
e30   L     J 
and 
C - A Vv (2) 
A = Hamaker constant, ergs 
-27 h = Planck constant (= 6.63x10   erg sec.) 
Vv = characteristic dispersion frequency, 
-1 
sec 
C = velocity of light (= 3x10  cm/sec) 
X = wavelength, cm 
x - ^o"1 Xl  T~fl 
x - ^O"1 J
    30 Z 
2 
e  «= limiting dielectric constant (- n  ) 
o ° o 
where nQ - limiting refractive index in 
visible region. 
C10,C30 " limicinS electric constants for materials 
1,3. 
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Refractive index 
nPVAC " 1-A667 
npBA=  1.4634 
nH20 =  1.33 
<ncoPolvmer>av     ~   (0-8x1.4667)   +   (0.2x1.4634)   -   1.4661 
G20  -   ncopolymer   "   < V '  '   (1-^61)2  -   2.15 
^10  ~   \0~   <no>2  -   <X-33>2  =   1'11 
ho-1 x
i   "   r    .1.0   "   0.2042 1
      
eio+2 
X,  =   FJU.0  -   0.2771 
J        e30+2 
(X1-X3)2  =  0.0053 
For example, latex VBA-102: 
Average = 6.06x10"  ergs (average values of 1-1 and 
2-1 electrolyte in Table 
11-11) 
Then substitution into Eq. (1) obtained: 
Vy - 8.67 x 1014 sec'1 
T,„„  i  C   3x10  cm/sec   _ -, At„1n-5 ^m Then, A ■ *j—  = yj- y ™ 3.46x10   cm 
VV  8.67x10  sec 
(2   13") Fowkes  * '   obtained equations of the critical se- 
paration distance, H, of two spherical particles related 
to several factors as shown below: 
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H 
FT 
or 
1 
1 ' 
aA121 
12kT ~-" + K$2 
1 + K(M) 
(see Figure II-D-1) 
(3) 
(3a) 
From Eq. (3) 
H   -1 + /1+AKH/rA (4) 
where H = critical distance between two spheres, cm 
f = Van der Waals forces retardation correction 
factor 
a = particles radius, cm 
X = wave length, cm 
k - Boltzman constant, 1.38x10"  erg/°K 
T = absolute temperature,  K 
1        H K = slope of curves -r  against —  (Figure II-D-1) 
Therefore, for latex VBA-102: 
a m   (%x3896xl0"8cm) 
x
    3.46xl0~^cm 
- 0.56 
H m     aA  m   (%x3896xlO"8cm)x(6.06xlO"15ergs) 
I\     12kTx   l2x(1.38xl0"16erg/oK)(298°K)x(3.A6xl0"5cm) 
- 0.006914 
From Figure II-D-1, the slope of curve Y " 0.56 is 
K = 22.33 
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a 
X 
Then,   from Eq.    (4) 
S -   -1 + 2(22J<22-33><000691A>   -  0.006087 
Thus,   H -   (0.006087)x(3.46xl0~5cm)   -  2.06xl0"7  cm. 
The steric stability layer thickness, L - 1.053x10 
cm (10.53 X) Van der Waals forces retardation correc- 
tion factor, f, can be obtained from Eq. (3). 
^ = 0.006914 
Then £ x 0.006087 - 0.006914 
f - 0.88 
(B)  The calculation of the total number of attached 
2 
chains per unit area, v,   chains/cm . 
can be calculated by using the assumed equation 
as follows: 
o        (L cm)(p    g/cm3)(NA mon?mer units 3 ) M ~^--~o/,>™2 - 5'"" ' ^"A gmole monomer units7v, cnams/cra  = y-r- °  M (EPnomer units ft } 
c    chain      gmole monomer units' 
(5) 
where L ■= steric layer thickness, cm 
p «= density of polymer chains miscible (hydro- 
philic) in dispersion medium g/cm 
23 N. = Avogadro's number, 6.02x10 
monomer units 
gmole monomer units 
M = molecular weight of polymer chains miscible 
(hydrophilic) in dispersion medium, and 
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Figure II-D-1. For two spheres of radius a and 
critical separation distance H, 
the retardation factor f is a function 
of f and ^. 
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c    c^   chain     J 
x M C   B   ) o gmole monomer units 
M  = molecular weight of monomer 
Zc - the critical chain length or the number of 
monomer units in the chain, also defined as 
degree of polymerization. 
Another assumption was made for calculation of 
the molecular weight of polymer side-chains miscible 
in dispersion medium (hydrophilic) as follows:  Let 
this molecular weight, M **  critical molecular weight 
for entanglement.  This assumption was based on the 
consideration, for example, polyvinylacetate with 
random long chain branches has been reported by Long 
(2 18^ The branches are long enough to become engaged 
in interchain entanglement and the chain lengts have a 
high probability for interchain entanglement.  M - 
(2 23} 29,200 was calculated by Porterv ' J   according to the 
relation of the effect of pendant groups of polyvinyl- 
acetate, in which M increases with the size of the 
pendant groups. 
The critical chain length, Z , for intermolecular 
entanglement is about 600 for many polymers.  For poly- 
vinylacetate Zc - 57o^2-19'2-20)t   therefore, let the 
copolymer side chains also have this value Z  - 570 
(degree of polymerization). 
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Mc = Zc x MQ     MQ - 0.8 M^ 4- 0.2 MBA 
- (0.8 x 86.09) + (0.2 x 128.17) 
= 94.50 
Mc - (^^) (94. 50) (two functional groups) 
« 2.69 x 104 
2 
v(chains/cm ) «= 
(1.053xl0-7cm) (1.1638-^) (6.02xl023 ™"??" !!£!;»? „^r«> J gmole monomer units 
 cm _  
(2 69 JC 104 monomer units g ■> 
chain        gmole monomer units' 
= 2.74 x 1012 chains/cm2 
From Table II-D-I, the assumed values of v corres- 
pond with the experimental data of DorosEkowski and 
(2  21) Lambourne  ' '   and the assumed values of Smithan and 
(2  22) Napperv ' ' ;   they obtained v for polystyrene and 
12 2 polyethyleneoxide was 5 x 10   chains/cm  and 
12 2 3.5 x 10  chains/cm respectively. 
el (c)  The calculation of elastic repulsion energy, AG 
From Eq. (11-16) 
AG*1 - 2v7TakT[Ho{ln(j-°-)-l} + L] 
Subst.   v,   a,   k,   T,   and  L values   into   this   equation 
obtained 
AG*1  =   1.38  x  10~13[Ho{ln(T(jO3J)-l}  +  10.53] 
where  H     now  in A units. o 
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TABLE II-D-1 
Calculation results of f, L, and v 
Latex 
Desig- 
nation 
f 2 v.chain/cm L.cm 
AGel « vLa 8 
vLa, chain 
VBA-100 0.96 1.51xl012 5.8xl0"8 1.88 
VBA-102 0.88 2.74xl012 1.05xl0"7 5.60 
VBA-165 0.58 3.52xl012 1.35xl0"7 3.03 
VBA-305 0.57 3.1xl012 1.19xl0"7 1.82 
VBA-405 0.59 2.56xl012 9.83xl008 1.00 
VBA-0 0.33 3.73xl012 1.43xl0~7 2.08 
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el Varying the H values, AG   data can be obtained and }
        ° O ' B 
then combined to the electrostatic repulsion and at- 
traction terms (VR + VA +  G^1) (Appendix II-C).  Thus 
interaction energy curves against H would obtain as 
shown in Figure 11-14 and Figure 11-15. 
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